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(54) OPTICAL DEVICE AND ELECTROLYTE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the control of 
light transmittance or light reflectivity in a visible light 
region with low electric power consumption and to 
improve a low-temp, characteristic by using plural kinds 
of solvents for a solvent to be used for preparing a soln. 
of a silver salt. 

SOLUTION: A RED liquid 1 contg. the silver (complex) 
salt as a RED (Reversible Electro-Deposition) material is 
sealed between transparent electrodes 2, 3 and a 
counter electrode 6 in contact with these electrodes. A 
driving voltage of DC is impressed by the prescribed 
time between the transparent electrodes 2, 3 and the 
counter electrode 6, by which an oxidation reduction 
reaction is effected in the silver (complex) salt on an ITO 

electrode (cathode) side and the silver (complex) salt is colored from transparency by Ag 
precipitate. The low-tap. characteristic is improved and the usable temp, range is widened by 
combining dimethyl sulfoxide (DME) and the solvent having good compatibility therewith and 
using both as the solvent mixture. 
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;K N, N-^f-;l/*;l/A72 F> N. N-i/xf-;U 
3lVl/A75F> N, N-5>*?7V7'teh75h\ N-p< 
3-)Wu\Z*y7^. F> N-^f^eniJKX 2-x 
h*s/x#/— 2-^h+^x^y-;K 5>**;l/ 
X;1/jM^>F> 1, 3-^*V5X if^Ttf- 

sasau:!) aar nfc^a < t & 2 ®ii©j§!£ 

Bo 

->F : MfHfi6<om^= (6 0 : 4 0) ~ (2 0 : 8 0) 

go 

6fcE«Lfc31fi*«ll. 

[M*«8] ME&d&ttft buIB^^I/*;!/** 
fF :|WE7-feh->y;I/= (5 0 : 5 0) ~ (5 5 : 
4 5) OSftJtOffl^JSJK, Xit, WB&tf-A'Xfl/* 

F : MBRK4HfionMt= (5 5 : 4 5) ~ (6 
0 : 4 0) ©S«JtOji^»«Tf*S, W:RSt7fciE« 

[If** 9] /\nyyfM*WIEjBfSH«ltlcJS»** 

[n*a i o] tme^cy yftttow*#o. 005 

~2. Orno l/LT»*»«*M£ffl*nT^*, It* 

[M«n 1 2 ] HuiB^JtJS©igia^ssffii»ao 1 / 2 



mmmttix^, tmm 1 kb* trepan. 

M&zm&zrcto<oma8wmuzn?^z, mam 1 
fcia^i/fc^sfio 

[ff *« 1 5 ] mmmW 5~200mmol/L 
Bo 

Tx i:fc2am©&J&fre>&5ig£i&®am>s 

'J/k N, N-^f/l'MAT^F, N. N— >*X^ 
/MvW»75h\ N, N-5>**7l/7-feh7S N- 
^f;l/7 , o^y7 5 F\ N-^^l/tfo'J FX 2- 
xh*->x£/-;k 2-^ h*i/x£/-;k S>**- 
/1/X;1/#*S/F, 1, 3-mV7^ XT^I/7-br 
-K fh7tKn77X ^f-;l/rh7tKn77 

o ^ * F yfr <b & 5^<fc "3 aif nfc'J>& < £ t> 2 
»«^MiSS^}S«i:LTffl^6nT^S» il*«l 6 

MSI 8] iOIBS'MnWs Si/>te«ji©g&3 

[n*« 1 9 ] mmmm&<Dmmmmmm<Dmm t 

[11*52 l] MfBS^ffittW. MIB^^7 t ;l/X/l'* 
*->F : W8BffiO»»= (6 0 : 4 0) ~ (2 0 : 8 
0) ©S«tOii^»!«-C*4, lf*«2 OtCfBKLfc 

[M$£ 2 2 ] HUES?* */K*;l/**5> FCfflfctftO 

a2 0t!3®Lfc^S«o 

+v-F :KiB7-bhxF»J;l/= (5 0 : 5 0) ~ (5 

5:45) (D®mt£(Dm-&m> sufB^^^;i/x 

;J/**S/F : MIB«tt«ii©ig!«= (5 5:4 5)- 

(6 0 : 4 0) <D®mitom&®mT&%, m&Ez 2 

fcfBfcbfcft¥SBo 

2 4 ] /\uYy{m*msMGmkfctiiM2 
[ii*a2 5] mm^wfyitmoimm&o. 005 



~2. Omo Bl# 

[is*s 2 7 ] KtiB$49ttonft«taK&wto i / 2 

WfctWSftTV**, §S#Sl 6fclEilL;fcW#Jfc, 

[ffi$£ 3 O ] fttlBSftQftJft* 5~200mmol/L 

[£H®fMI&Ktt3 
[OOOl] 

ftHfttf sfcAoajssa** atft : 4 o o 

~ 7 0 0 n m) Ki$^?yG&&*lZltltftRSfm<D#m 
[0 0 0 2] 

[$E#©KtB] il/^hn^Dvy^fi (Wrs EC 

[0003]xl/^hn^n$7^If GMT. E 
CDfcWr*Ci:«<**. ) #«JfcS>©aaMMre 
feoT, «M{t^i8ftfit?i:LT, K»«Jf», SJSJtK 
«fc *auST» § fc46ic> ftttMomftic <fc^t t>1&%m 

9 — 2 4 8 7 9^^telffljjU?ttTl^5<fcd 
fc» E C D t LTBJiMWtC#fe, 

[0 0 0 4] LfrLfttf£> tftnyy^Hi^H 

t LT(i> (fift : 400~700nm) 

ftV>T)!fiaj»*l|Pjli-ff*«C ktf&gkftSAV ±B 

[0 0 0 5] 



#Pw1¥ 1 0- 1 3 3 2 3 6 
[0 0 0 6] LfrU S^^yW/fc+fK (DM S 

o) ts.Es mrngkoym^ (DMsotii 8°o ®m:m 
a«ptt*^s t * o > ffi»T?»»««»H u a < ft * k ^ 
[0007] fi»«**TK»pijii-e 

[0 0 0 8] 

F, A g C 1 , AgBr, Ag I, A g S C N ft if Oil 
IS GMT, HMD «8»**feiW8W»lft«illBlcii« 

n, cn6©«*owwipjipt*o«o«aixtt«i** 

ft, <i(JISffl«*»»*-a:*fe*<D»«i:LT» '>ft<i: 

1 2a«£D?g^5>ft^ig^^ffl^p.nTi^^ 
[0009] *»wfct, Kfammmc&zti. c 

[ooio] *awo3t*8B&tf«««K«tntf, & 

8t*maLfclKfc, t©«MS*«Rr«3W« 4 00 

~7 0 0 nm) fc*l#*T!WK*»fcf\ *feB#tC 

wtiJtwicfev^TtttfiwaaaiijyBriift* (§§) 

8B©*f WXti»<W*^ * ^ ftBJ^Wfttoo 

RED (Reversible Electro-Deposition) ©#5f4 
i:tTfflv^TfcO, coii (§g) tg(ilEi)©J®i 

K«toT«Ta-»»onria!ttu:strfe<D-pa&*o iintc 

[0 0 1 1] C<DJ:5&c, SB (Si) %^e>jfi«SK«S 

±fc«fw, araiw&jRfcfli^* effect 5, 

BP%, nf^WftJ6otW5f4Tfe?>RED(Reversible El 
ectro-Deposition) ttWiffi^Z i&ffiMW. 

[00 1 2] fit, *»B<Wfc¥Sllfttf*/*« (R 

ED®) t^Tfigftckti, sgj^cDS^giia-rs 

OKfflv^»«E^ '>ft<i:t2®^crj^ 
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**S/F (DM SO) WAomMtHvliMtttcBMIII 
[0 0 1 3] ftoT, *f8W03tt*«llRt;«»«tt, 

[0 0 14] 

(PC) , 7-th-hV)l (AN) „ N, N-v^^P 



V 



CHs 



(PC) 



CB3CN 



(AN) 



*;W»75F (DM F) , N, N-^MMT^ 
F (DEF) , N, N-^^;l/7-th7^F (DMA 
C) , N-^^;l/^ne*y75F (MP A) , 
f;l/t!DiJ FV (MP) , 2-xh*->x*/-;l/ (E 
E0H) , 2-* h**>X*/-;l/ (ME OH) , 
^;1/X;I/**S/ F (DM SO) . 1, 3-mV7> 
(DOL) , x^)V7-t7—h (EA) , rh7tFa 
77> (THF) , **)]/t h^Z Yuyyy (M e T 
HF) , *J*Y*i/x.9V (DM E) , i'lh^Xi' 
> (DEE) Wy-7fn7^hy (y-E-L) fr5> 

[0 0 15] ±IB©*8«ofl:^S**K*-r. 

[{til 



(DMP) (DBF) 



O^CHb 
(MO 



(WW 



9 



N-CHs 



OBP) 



(BBQH) 



CH 8 -D- CHa CH *-0H 
CMEOH) 



CH 3 



CH 3 



(DMSO) 



(DOL) 



0 
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CH 8 ~C 



(EA) 



(IBP) 



(2-MeTHF) 



(WE) 



[0016] coi^ Anea^HK^ sv^c«b© 



9 



(r-BL) 



[0017] misM^mt LTimic ^^^jixjv 

*A>x;l/**s/ F©!PJ£>Wfc©J$j&©fiJ£ |hi 
«ftt*SS3i**S±-paS 011*. If, -2 0°CT2 

»H«#ic*5^Ttt, &m ■ mm = z ■. 



(5) 



#Bfl¥ 10-133236 



= (5 0 : 5 0) ~ (5 5 : 4 5) ©8fiJt©JB£» 
m. s^f-rt/yUl/jMrfK : Sltt«ifi©}Bttt= (5 5: 
4 5) - (6 0 : 4 0) «8*J*©i!£i8Bitf#$ L 

5o fit. c©E£}8«t<Dffl/8Jtli, »3S-r5J:3tc« 
ttfcSWWWKfcOW^KJi-aTttDM S 0 : fl£©?g« 
= (60 : 40) ~ (20 : 80) <0(EHT?8*TJ: 

[0 0 18] ±fS©tg&i'.L-TAgB r ^Oad 

y><b«*ffl^*o* , J:<, ^oitSfiO. 0 0 5- 
2. Onto l/LT**»MBW»MSft«©tfJ:^. 

[0019] sfc, /NDy>{kii©?§ft?ofcfeK, ra— 
Mnyyfb-tHJ^A, MnyyfbrtU^A, /Nny> 

[0020] cojb, %.mm<Q°m&tf®tm&o 1 / 

[0021] *tt* ? <( )vzttt\sTmttir%rzibo>m 
%ffito®mz&%ttmnMt*zmmn® mc i to 

mffi : K{b^yS^AlCXX£K-XLT»e>n/cfc 

[0022] c©»&©{fc9*«tfWi6i: lt> xxmm 

Rlf/<9S*> A»K©~ifta!Ulj£K:J:S/<9S>£ AT* I 

^AtCj:^ I T0«^(D^Sg1i{bffiaii:UT. I TO 
^S^tC/^^^A^frm^^SilfcT? I TOt 

[0 0 2 3] COf^, XX^tLTfis igfbXX 
(SnCl 2 ) 0. 10—1. 0g£0. 0 10-0. 
1 0%©HC 1 1 LtCjftJVS'&fc&O. /<7^7A}g 
JKfcLTfi, WU^V+Jl* (PdC 1 2 ) 0. 10- 
1. 0g£0. 0 10-0. 10%©HC1 1 Llcjg 

[0 0 2 4] Sfc, tiaWligliffi^LT, 8B<fc?)»&& 

[0 0 2 5] ±|E©>>ny>ffcftWK:^j8!ttfctt&3 

a^b-fh'J^A (Na I) ^©58*fi?Jt GdWD 
#3 ">{b«©^»fi~ 2 o te«S©«HT*»«n:«tfn]S 

[0 0 2 6] WW«tk:«©«fWXttiS»«f©nI5S! 

Ijn^ftTV-'S©*^^ CC0^MiJti5 — 2 0 Ommo 

i / l (Dm-ST-mm t nx ^ § ©# * v \, 
[0027] ajmxmmcts^Tizimm&mmtfaim 



[0028] c©HHfc-3^Ttttt*jta*;fci:i:3, « 
(81) lS£REDfcffli:LTffl</>fci:t. #Tm§S£?31S? 

IC&iX, JSfift ©JtSffc* B6 <* CttfT2tz<DT*3bZ> 0 
[0 0 2 9] K?T, R E D'l&b LT> Wf>itm* 

[0 0 3 0] ftte, 3 7{bffi&fflV\ Mfca^ffc-J- MJ 
•>A«r^PL/-c^fc*3^T, «fttl«©»»l^»c584t* 
3 7il©#Ttil£«iJ U RE D*©j8ii*©ffi~F*IE 

r, fro, a*iR«£fc«k*J8i^©g{fc*»*.afci& 

K s 51fc^"J tLXTXzul^ymR tf /XtifflfbX X£ 
[0 0 3 1] ffife«fi©i:tfc, ffi«ttRlffi)tffl«k:!R 

[0 0 3 2] fit, REDi^ffl^tffe, 
■>aV (deposition) /f-fV U i— : y(dissoluti 

on) ©g*s©««{b*^a*«ai»j»TKi(i-r * c t a< 

[0 0 3 3] C©,J:3a*to»J»fc«kS*H&-iBfe©e 

[0 0 3 4] *ic, *aw©*«©}gji*MK*ftWti: 
[0 0 3 5] BlRtfH2ti, 

^©-^ji o*«ms«ic^-rt>©-efe«o 

[0 0 3 6] *«!l©3t*7-c;I/-Sf 1 otitic -fe/w* 

*<a-rs-w©awa« (flautf^x*) 4^5^- 

§ftffltt«B I T Otttt) 2^3 i:^W(p)UTiS 

[0 0 3 7] Sfc, WH6ti, 8S4Rtf5©^HKX 
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[0 0 3 8] ^LT, ttfamm2-3mc&. CftZV 

mMimLTREDwatLTv® cm) m*^?z 
r e Dm i tfttAsm:i/^ 0 ^wzstfsicms 

lit 21 

ftSSHkilTt&^I T^ttC(#fflJ) tcfc^T^U 
[0 0 3 9] £3LT*ff±KAg**rtflS'eSCi:fc 

ms. <D*%tt&z<Dmmmtmc.mt u c n^wj 

»f 5 c t £ o TiiJI* rJ£7 f >l 5 1 L XWmt* € 

[0 0 4 0] L<0^7-f M 1 Ott, *tfa«*2&tf 

[0 0 4 HEP^, »!l3»lfi4;fttf5WRtf&ft*I T 
0 <DttftWMl& Zn^tl, ^Dg|52a. 3 at, COJ^ 

2b, 3b, 2c, 3c, 2d, 3d, 2e, 3 e tic 

«1ttt*l8ffiffl<D&©*M$6 A, 6 B*W^nT^5o 
[0 0 4 2] Ct\Z><D&mM2 a, 3 a, 2 b, 3 b, 
2c, 3c, 2d, 3d, 2e, 3e, 6 A, 6 Bii^ 
n^n, &MW)WM 8 A , 8B, 8C, 8D, 8E, 8 
FlC^P2»MM§Ffr 9 A, 9B, 9C, 9 
D, 9E, 9Ffc±oTSHMSttT^S. 
[0 0 4 3] ^LT, »W»*4-5tiX^— 9-7 (C 

fcgsssn, ^orafflrtk: REDii *WA^nr^ 

[0 0 4 4] RED^Hi, WhQ$tl%18.Er.<DJ:'Mcl& 

£>fr£>, ±EUfc#»*J*ffi2 a&tf3 a. 2 bRO*3 
b, 2c&tf3c, 2dRtf3d, 2 eRt/3 elcEPiJD 

$n?.*E (^ivrnv, , v 2 , v 3 , v 4 , v 5 t 

H6 ARtf 6 BKfe«ffi«l«ffl©«EV c tfEPflOStt 

4) o 

[0 0 4 5] fitoT, mcts<T<DW±tkmL<ttll£ 
(V, =V 2 =V 3 =V 4 =V 5 ) , EC«!Oi«K 



[0046] tfc, &mm^<DWtom±*mt>-&. m 
*(fv, <v 2 <v 3 <v 4 <v 5 i:f4ur, "f^gpfr 

aasp^/hfcft*) o <in«, rnf*^7f©ccD 

CD©*Sllt<0|Rj±li:+»Kj**STt ep 

to«ji^±f5 1 (i^coiiRfc -r nt* , *&»fr suae** 
^raii^frAtft^o 

[0047] cco<t^tc, ftSiMffi^coEPi&nWEic =t o 
j£< ft5o 

[0048] u±KmwLrc&5iZs *wfc*ntf, ft 

*(DECWi:tt±<Sft4SSfC»^T, §gJ&fr5ft 

kLTfflV\ itl6j*»0K»fflfll (fftcEPtottE) fc«k 
o T R E Dtm<E>«&l*0a»*£fl:*"&* C tfr? 

tmmtft^rcCDT'hZo ftot, REDtmoffiffl 
fCioT, «WT??B««*3!)^>ft<T-r*, ftMTOx 

N D 7 -r )]/ 2 £0 f£ ##±0 7 <r ;l/ 2 5 <1 i: fr T* 

[0 0 4 9] 

[SfifiPJ] i^tC *»W**fli«lKO^Tjefc»U<ii 
J: 9 n/£)t^7 w ^fc. 

[0050] Siij (/NDyy{kfflA g x*figfflLr= 
nj^ftigcD«ftii, ®M<o%<D®Mfc. wfyimzm 

^fco CO«t43^Ttt, iS («) ^OftfrT'toIffi'tt 
tSty*fttl (A g B r) ^ffll>fco 
[00 5 1] ccDWT-li, «0*ftti«ffi*ft]«fci6k:, 

^f-;l/7s;U*+->F (DM SO) : (A 

n> = i : i (om^mmm^rc ft^»««5oo 

mmol/LtU Ct\*&m*&£ttmW**±lf 
37{k-fhU7A (Na I) £7 5 0mmo 

L^*DLfc„ C<D»K%REDK (*Mf«) fcbTffl^ 

[0052] m^<Dmt(D^mt. -t/uwn^-^^ 

L, WJIEPAP^fCiOtT^feo BPB, IBK^W&ig 
Kjffi7?ffV\ SgO*ftBtC(i-0. 8 V (cell voltag 
e) , 2 s e c, 1. 0 V (cell voltag 

e) , 2sect Lfc C CT'fc, fffflW^t I TOW 

[0 0 5 3] ttXftE95fttfH6Kii%*jft *EEPMc 



(7) 



«F 1 0- 1 3 3 2 3 6 



5 C SKtttfRTfllft* (4 0 0-7 0 On 

[00 5 4] 3iJM!l2 «SS{£#l£i£> 



9J i tts^T, dm s o : ffio»«= i : i comtvm 

*W CKiTOTCfcSCJ:, xti^HXliS (Na 
I) ©#rJHA^i;SCi;*gift-rSo 
[0 0 5 5] 



DMSOtrS-g-rs 

1 1—3 v >ruW 




-10XZ, 2 hours 


-2 0*0, 2 hours 


AN 


o 


O 


T-BL 


o 


O 


DMAC 


o 


x~0 


NMP 


o 


x~0 


PC 


o 


x~0 


DOL 


o 


O 



com** AN : T-t h-hU;K 
DMAC : N, N-S>* 
NMP : N-^^;l/tfa 
DO L : 1 , 3-S>** 
[0 0 5 6] cKDlSllfr^ DMSOfcffi©»»l*iI£' 

fifi»tt^J:tSCkW«, ft*, DMS0¥» 

[0057] mmM3 (mwtte&momsR) 

fc 0 DMSO : ANOH6Jt*S4iCKfl:£'& A g B 
r 500mmo 1/Lv Nal 750mmo 1/L 
i: Lfcfc*o«!HK*-»OfMilB»c»*, l K~ l o 

0 K H z ®K<01«aift**Ht, «»Mt©#«**- 2 0 
°C(1 000/T = 3. 9 5) , gfi ( 1 0 0 0/T% 



y-B L : y-^n5^hX 

U FX PC : 7nei/:/*-Ji?*— K 

3. 4 1), 60°C (1 000/T = 3. 0 0) fCt5</> 

T*n^ft2B#^«M£Kij£u «**H7k:^l 

fco 

[0 0 5 8] Sfc, DMSO : ANCDii-a-Jt^a^^t 
S-SfcWSKfcO^T, - 2 0 °CT 2 B#P^{S^i©{S# 

-b;^?t*-r^l^tc^JtAWU}c<v>ci:) £H 
^ *©*Sft*"FISO*2K:wbfc. ccT'fi, TO© 

#fmj liNa I 0#rffl*jgi*U AyKijy^Lg? 
[0 0 5 9] 
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g2 





-2 0VQffi 




45:55 




X 


5 0:50 


?m 


A 


5 5:45 




o 


6 0:40 


Zt3bK> 


o 


80:20 




o 



[0 0 6 0] cGWSm&frBs ffiBKfttitf««tt«« 
ffiTFL^<, SfcDMSOJttf***fcjra©R£ J| M* 

3„ s-fc, DMsoiiie^fe$f3{6<-r§i:, fgg«# 

fcfc^Ttt (Na I :fi(T, PfiS) jMrtiiUB^ilfcfc 
ftfrofco ffi^T, ffiiI1ftti:i8#te©ffiBi>&^ DM 
SO: AN= (5 0:50) ~ (5 5 : 4 5) tffi<» 
#(CDMSO : AN = 5 5 : 4 5tfS3n?i&S t 

[00 6 1] <fcf£, DMSO: AN = 5 5 : 4 5K@£ 

sit (0 7mm) TtDmmm^n-orcm^cimmm-p 

S3 



[0 0 6 2] C<D8!|j£*6S«fc!> x gfc#«©/M^Ag 
Br 6 5 0mM, Nal 7 0 0mMtfgjlT*&3 
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